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This is a histologic study of axillary lymph nodes removed from 487 random
autopsies. Histologic features such as germinal centers, deep cortical regions, sinus
histiocytosis, hyalin deposition, fibrosis and overall cellularity were evaluated in
each case. Results were correlated with the age of the deceased and cause of death.
The results a) support the general opinion that germinal centers are more fre-
quently found in children and young adults than in the old, b) showed that hyaline
deposits increase with age, ¢) showed that lymphocyte depletion associated with
fibrosis and hyaline deposits was found in patients dying of chronic disease, par-
ticularly cancer, d) pointed out a selective depletion of the deep cortical regions
in patients dying of hemorrhage, and e) contributed to knowledge of the
morphology of axillary lymph nodes in neonates. (Am J Pathol 78:7-22, 1975)

LymMPH NODEs constitute a substantial component of the
immune system strategically located in various areas of the body. Lymph
nodes serve as areas of antigen retention and a site of immunologic edu-
cation and expansion of lymphocyte populations. They also represent
a site where differentiation of plasma cells or immunoglobulin-secreting
cells takes place, and they are thus major organs of antibody synthesis
and secretion. Morphologic technics in recent years have been instru-
mental in defining areas of the lymph node as being thymus dependent,
taking active role in cell-mediated immune responses and others in
which thymus-independent cells abound that participate in antibody-
mediated cellular immunities and humoral immune responses.

In the course of studies on the morphology of lymph nodes in patients
with cancer,"? the authors, as have others,? realized that good descrip-
tions of human lymph node morphology are relatively few. Much of the
literature that is available dates back 40 years or more, when it was
largely directed towards analysis of the meaning and function of sec-
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ondary nodule formation.** The morphology of human lymph nodes in
different areas of the body and different age groups and the changes
occurring in chronic diseases other than cancer attracted little atten-
tion.>*® Recent advances in the knowledge of lymphocyte function and
interest in the relation of structure to function in the anatomy of the
lymphoid tissue have called for a new look at the lymphoid tissue in
humans.!®"

The present study based on 2250 axillary lymph nodes collected from
487 random autopsies is mainly intended to contribute to our knowledge
of the appearance of the lymph nodes of one site of the body at autopsy.
A detailed histopathologic study was not intended; rather, it was the
purpose of our analysis to provide quantitative data concerning more
general aspects of lymph node structure that could be obtained from
a low-power microscopic survey. Histologic features selected for analysis
include the germinal centers which are thymus independent, contain
predominantly B lymphocytes and participate in humoral immune
responses;'®** the deep cortical regions which are thymus dependent
and participate in cell-mediated immune responses;**** sinus histio-
cytosis, which has previously been described in cancer patients as a
favorable prognostic sign;**** hyaline deposits; fibrosis; and evidence of
lymphocyte depletion. Each of the latter three has been described as a
degenerative change denoting exhaustion of the immune function and
response.®>*"

Material and Methods

The material of this study consists of 2250 axillary lymph nodes removed from
487 autopsies; 260 of these were performed at the Office of the Chief Medical
Examiner, City of New York, during 1973 and 227 at the Pathology Department,
University of Minnesota, during the years 1971 to 1973. In all cases, a piece of
fat measuringxup to 10 cm was removed from the axillary area and put in 10%
formalin for fixation. The next working day the axillary fat was sliced and searched
for lymph nodes by one of us (VT). The number of lymph nodes varied from 1 to
13, and usually 4 to 5 lymph nodes were found. The size of the lymph nodes varied
from 0.2 to 4 cm. Each node was cut along the short axis and a central slice meas-
uring approximately 2 mm in thickness was embedded in paraffin. From the paraffin
blocks, one to four sections 5 p thick were stained by hematoxylin and eosin. A
routine histologic study of the lymph node sections was made, and for each autopsy
case germinal centers, deep cortical regions, fibrosis, hyaline deposits, sinus histio-
cytosis and overall lymphocyte content were evaluated. Each histologic feature
was recorded — when absent in all lymph nodes, + when present in a minimal
degree, ++ when present in a moderate degree and +++ when present in a
marked degree in any number of lymph nodes.

In grading the histologic features, criteria similar to those described by Cottier
et al'® were used. Lymphocytic follicles devoid of central, lightly stained areas were
called germinal center —; those with central, lightly stained areas which under
high-power examination failed to show any large lymphoid cells, tangible body
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macrophages or mitoses were called germinal center +; those with central, lightly
stained areas which showed lymphoid cells, tingible body macrophages and cells in
mitosis were called germinal center + +; and those which were cytologically active
and also large in size were called germinal center + 4 +. Many of the latter showed
rather irregular outlines and were fused. The deep cortical regions were marked —
when the cortex of the node was generally thin and showed little “diffuse lymphoid
tissue” between the lymphocytic follicles. Thicker cortices with appreciable amount
of diffuse lymphoid tissue below the lymphocytic follicles were graded deep cor-
tex +. Nodes with well-defined deep cortical regions often containing both large
lymphoid cells and prominent endothelial cells in small vessels were recorded
deep cortex ++. Deep cortical regions +++ were noted those nodes which
were greatly expanded with resulting compression of both the outer cortex and
medulla. Hyaline deposits were called + when observed only under high-power
magnification. Such Eyaline deposits were frequently associated with small blood
vessels and reticular fibers of cortex. Hyaline deposits ++ are those obvious
under low magnification as forming small amorphous patches in the cortex. Hyaline
deposits ++ + were larger deposits of hyaline involving many areas of the cortex.
Fibrosis was noted + when present in small amounts in the cortex around blood
vessels. Larger amounts of fibrous tissue when confined in the lymphatic sinuses and
medulla were called ++. When the fibrous tissue formed large bands obliterating
the sinuses and involved portions of the cortical parenchyma, it was recorded + + +.
The overall lymphocyte content was noted as + when the lymph node appeared
depleted of lymphocytes, as ++ when cellularity appeared “average” and as + + +
when cellularity appeared markedly increased.

Eighty-five autopsies from Minnesota were performed by one of us (VT), and
complete clinical and pathologic data were available. In the remaining 142 Minne-
sota autopsies, a copy of the face sheet of the autopsy report showing sex, age and
race of the deceased as well as the main autopsy finding was obtained. The
autopsy findings were classified in: a) lesions contributing directly to death, b)
lesions resulting from or relating to a, c) significant lesions not related to a, and
d) incidental findings. The University of Minnesota Hospitals is a general hospital,
and only patients dying in the hospital are subject to autopsy. Only a few accident
cases were admitted as prospective donors for kidneﬁ h-a.nsi;:‘l::ntation. Autopsies in
Minnesota were performed soon after death, usually within the first 12 hours.
The main clinical and pathologic findings from most of the New York cases were
obtained during autopsy and in 80 cases the final autopsy report was reviewed.
For some of the New York autopsies, little clinical information was available. In all
cases at least the age of the deceased was known. As expected, accidents, homi-
cides and suicides were among the leading causes of death in the New York
autopsies. Many young adults and addicts were included in this group. In New
York most of the autopsies were performed the day after death. Autopsies with
significant autolytic changes were excluded.

Table 1 shows the total autopsy population in relation to source and age. The
four arbitrarily chosen age groups are roughly related with the endocrine status
which is know to affect the morphology of the lymphatic system. The first age group
(16 years or younger) is the pediatric group and includes infants and children up
to and around the age of puberty. The second group (17 to 39 years) includes
young adults at sexual maturity. The third (40 to 59) comprises middle-aged
adults in and around the menopause. The fourth (60 years or older) includes old,
sexually inactive, individuals. As is shown in the table, children and the aged
predominate in the Minnesota material and young adults and the middle-aged in
the material from New York.

In this study the cause of death was generally classified in the following five
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Table 1—Source of Material in Relation to Age
Age group (yrs)
Source of material <16 17-39 40-59 >60 Total
University Hospital, Minnesota 63 40 48 76 227
NY Medical Examiner 20 123 74 43 260
Total 83 163 122 119 487

groups: a) death following external violence or acute illness (other than infectious),
b) death due to acute infection, c) death due to chronic and acute drug poisoning,
d) death due to cancer, and e) death due to other chronic diseases (diabetes,
cirrhosis, collagen diseases, chronic heart and renal failure, etc).

Results

Table 2 shows the incidence of lymph node histologic features in rela-
tion to age. Percentages indicate histologic features graded (++) or
(++4+), except for the lymphocyte content where the percentage
indicates only (+++).

Germinal Centers

As is shown in Table 2, prominent germinal centers were found in
one fourth of the autopsies. Children showed the highest incidence
(42.5%), old individuals the lowest (11.8%). In infants 3 months or
younger the incidence was 18.6%. The latter group included 18 neonates,
mostly premature. Eight infants, 1 to 2.5 months old, had germinal
centers (Figure 1). (In 4 of them, the cause of death was reported crib
death and 1 each died of pneumonia and heroin withdrawal syndrome.)
Analysis of the 10 oldest individuals with germinal centers (70 to 85
years) showed that 3 died of acute infectious disease, 2 following car

Table 2—Incidence of Lymph Node Histologic Features in Relation to Age

Age group
3 mos-

Histologic feature <3 mos 16 yrs 17-39 40-59 604 Total
Germinal centers* 18.6% 42.5% 38.6% 16.4% 11.8% 25.0%
Deep cortex* 34.8% 15.0% 16.6% 1.6% 5.1% 9.6%
Hyaline deposits* 0% % 24.5% 53.4% 62.2% 37.4%
Fibrosis* 10.0% 27.9% 12.9% 23.4% 25.2% 19.7%
Sinus histiocytosis* 0% 4.8% 2.5% 2.5% 0% 1.7%
Lymphocyte contentt 5.0% 4.6% 16.0% 5.7% 2.5% 8.2%

*++4 or +++
tonly +++
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accident, 2 were cancer patients with death caused by pulmonary
embolism, 1 died during heart surgery for coronary bypass, and 1 died
of myocardial infarction. Table 3 shows the incidence of germinal cen-
ters in relation to the cause of death. As is seen in the table, persons
dying following external violence, those with acute illness and drug
addicts showed the highest incidence (34%) and cancer patients the
lowest (3%). In patients dying of acute infections or chronic disease, the
incidence was intermediate (9%).

Deep Cortical Regions

The incidence of expanded deep cortical regions was rather low
(9.6%). It was highest in infants 3 months or younger (34.8%) and lowest
in the middle-aged (1.6%). Several premature neonates exhibited
lymphocytic deep cortical regions, sometimes without lymphocytic
follicles whereas the rest of the node showed only hematopoietic cells.
In infants the deep cortical regions were rich in post-capillary venules
with high columnar endothelium. Among 241 individuals 40 years or
older, expanded deep cortical regions were found in 8. Five died follow-
ing external violence and 3 of acute infections (confluent broncho-
pneumonia).

Hyaline Deposits

Prominent hyaline deposits were found in more than one third of the
autopsies. The incidence showed a highly significant relationship to age.
It was 0% in infants, 7% in children, 24.5% in young adults, 53.3% in the
middle-aged and 62.2% in the old. Of 40 children, 3 aged 14, 16, and
16 years, showed prominent hyaline deposits. Two died of reticulum
cell sarcoma, one of external violence. Seven children, 5 years or older,
showed minimal hyaline deposits (5 died of severe chronic disease, 2
following external violence). In 19 autopsies of individuals 60 years or
older no hyaline deposits were found. Eight of these died of acute illness,
2 of cancer, 6 of other chronic disease and 3 following external violence.

Table 3—Incidence of Prominent Germinal Centers in Relation to Cause of Death

Cause of death No. of cases Percent with germinal centers
External violence, acute iliness 122 A
Acute infection 25 8
Drug addiction 16 33
Chronic disease 31 10

Malignant disease 90 3
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Sinus Histiocytosis

The incidence of sinus histiocytosis was minimal in all age groups
(average 1.7%). In a total of 22 autopsies, sinus histiocytosis (+) to
(+++) was found. Eight died of external violence, 5 of cancer, 4 of
acute illness, 4 of drug addiction, and 1 of acute infection.

Lymphocyte Content

Increased lymphocyte content was found in 8.2% of autopsies. Inci-
dence was highest in young adults (16%).

Fibrosis

Increased fibrosis was found in one fifth of autopsies. The incidence
was not definitely related to age.

In Table 4 two groups of autopsies selected with criteria described
elsewhere 1'? are analyzed in relation to the cause of death. The first
group, designated lymphocyte predominance, includes autopsies with
lymphocyte content ++ or +-++, hyaline — and fibrosis —; the sec-
ond designated lymphocyte depletion includes autopsies with lympho-
cyte content = or + and both hyaline and fibrosis being +-+ or +-++.
As is seen in the table, the majority of cancer patients are found in the
lymphocyte depletion group (96.2%). A smaller percent of patients
dying of other chronic diseases is found in this group (67%). Deaths due
to acute illness or drug addiction are mainly found in the lymphocyte
predominance group.

Other Findings

During the course of our studies we observed that in patients who
died of hemorrhage, the lymph nodes often showed lymphocyte deple-
tion. The degree of depletion varied from node to node and case to case,
but the deep cortical regions were primarily affected in most instances.
In leukemic patients the last area to be involved with leukemic infil-

Table 4—Number of Cases in the Lymphocyte Predominance and Lymphocyte Depletion
Histologic Groups in Relation to Cause of Death

Cause of death Lymphocyte predominance Lymphocyte depletion Total
External violence 27 4 31
Acute illness 12 10 22
Drug addiction 18 6 24
Chronic disease 10 20 30
Malignant disease 2 51 53

Total 67 91 158
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trates appeared to be the outer cortex. The depleted outer cortex stands
out in sharp contrast with the heavily infiltrated remaining portion of
the node. Similar involvement by abnormal cells was observed in one
case of Gaucher’s disease. Besides lymphomas and leukemias the most
frequently observed metastatic cancers in the axilla were from the
opposite breast in women and from prostate in men.

Discussion

Our results show that human axillary lymph nodes undergo morpho-
logic changes with age. In neonates the axillary nodes are rich in hema-
topoietic elements, eg, developing erythrocytes and granulocytes and
deficient in lymphocytic elements. In these nodes, however, megakaryo-
cytes were rarely found. Lymphocytes are mainly found in lymphocytic
follicles and/or the deep cortical regions. Examples of lymph nodes
showing lymphocytic follicles without lymphocytic deep cortical regions
and vice versa were found. Thus it is not clear from this study which of
the two areas develops first in human ontogeny. Examination of fetal
lymph nodes may clarify the question. Ehrich +* found that both
lymphocytic follicles and deep cortical regions develop during fetal
life; he believed that the deep cortical regions (which he called tertiary
nodules and pseudonodules) derived from expansion and fusion of
lymphocytic follicles during the immune response, but this seems un-
likely in view of the cellular composition of the two areas (B cells in
lymphocytic follicles, T cells in deep cortex). Silverstein and Lukes
did not find evidence of cortical differentiation in the lymph nodes of
5 fetuses. These authors described five stages of lymph node morpho-
logic maturation: stage I—unorganized aggregates of lymphocytes with
a definite capsule, II—development of medulla, III—differentiation of
medulla and cortex with lymphocytic follicles, IV—early germinal cen-
ters in cortex, and V—further increase in number, size and activity of
germinal centers. In this classification, the appearance of deep cortical
regions should be included in stage III. In neonates the lymph nodes
regularly showed wide sinuses and what appeared to be medullary cords
without definite cortex. The cortex first appeared as nodular collection
of lymphatic tissue beneath the subcapsular sinus. These lymph nodes
showed rich vascular supply with many postcapillary venules exhibit-
ing high columnar endothelium (Figures 2 and 3). In some cases the
only lymphocytes present in the node were found around the post-
capillary venules. This finding supports previous reports on the sig-
nificance of postcapillary venules in recirculation of lymphocytes and
the development of deep cortical regions.®*+
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Germinal centers are the most extensively studied histologic feature
of the lymphoid system. Although no quantitative studies have been
made, it is generally agreed that germinal centers first appear some time
after birth, within the second or third month. They are prominent in
children and young animals and, in the absence of chronic inflammation,
rare in the old.*®***° In our material germinal centers first appeared
in 2 infants, both 1 month old. Prominent germinal centers were found
in approximately 40% of children and young adults. In older individuals,
germinal centers were less frequently found (14%), but they persisted
until advanced senescence. The incidence was high (34%) in patients
dying following external violence, acute illness or drug poisoning and
low (3%) in patients dying of cancer. In those dying of acute or chronic
infection, the frequency was rather low (8 and 10% respectively). In
contrast, Black and DeChabon * found that in patients dying following
trauma or acute illness or azotemia germinal centers were “uncommon”
in the axillary lymph nodes.

In drug addicts, the lymph nodes have been found to be large and
“hyperplastic” ***'; we found a high frequency of germinal centers in
such nodes. Nelson and Hall ** reported decreased numbers of germinal
centers in the pelvic lymph nodes of women in pregnancy and complete
disappearance of germinal centers at term. Of four autopsies of women
whom we studied in the puerperium, 3 showed prominent germinal
centers in their axillary lymph nodes. A fourth showed lymphocyte
depletion associated with extensive hyaline deposits (a massive hepato-
cellular carcinoma with metastases was found at autopsy ). Experimental
studies have shown that germinal centers appear regularly 4 to 12 days
following antlgemc stimulation.’® Thus the relatively low incidence of
germinal centers in patients dying of acute or chronic inflammatory
disease may appear contradictory. In this connection it might be im-
portant to consider that the impact of a fatal infection on the immune
system might be quite different from the impact of a disease with a
more or less benign course. Along these lines, discrepancies in the
morphology of axillary lymph nodes between surgical material and
autopsy material may be explained. In a previous study the morphology
of the axillary lymph nodes from mastectomy specimens of patients
operated for breast carcinoma was classified in lymphocyte predom-
inance (54%), germinal center predominance (17%), unstimulated (25%)
and lymphocyte depletion (14%). In the present study 96.2% of cancer
patients showed lymphocyte depletion, only 3% showed prominent
germinal centers, and none showed lymphocyte predominance.

In contrast to germinal centers very few studies ** on the morphology
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of the deep cortical regions were made until recently when their sig-
nificance in cell-mediated reaction was recognized.?**® Prominent deep
cortical regions were found in approximately 10% of autopsies. Along
with the germinal centers, they were more frequent in children and
voung adults than in the old. The same frequency of expanded deep
cortical regions was found by Turk and Oort *® in a large series of “nor-
mal” human lymph nodes obtained from surgical specimens. We found
much higher incidence in radical mastectomy specimens.? Sinus histio-
cytosis was observed in less than 2% of autopsies. No evidence of spon-
taneous infarction,* heterotopic epithelium * or granulomas were found
in this study.

Among the degenerative changes, hyaline deposition was definitely
related to age. Fibrosis and lymphocyte depletion were related to the
cause of death rather than age. Combination of lymphocyte depletion,
fibrosis and hyaline deposition was found in over 90% of cancer patients.
While most cancer patients received radiotherapy and other immuno-
suppressive agents which may produce lymphocyte depletion and
fibrosis in at least three patients, there was no treatment at all and diag-
nosis of cancer was made postmortem. It is our experience that marked
lymphocyte depletion associated with fibrosis and extensive hyaline
deposits is characteristic of lymph nodes of patients dying of cancer
(Figure 4). Patients with other chronic diseases, for example, systemic
lupus erythematosus, systemic scleroderma and rheumatoid arthritis,
who also are often treated with immunosuppressive drugs show enlarge-
ment of lymph nodes associated with lymphocyte predominance. In this
study, as in others,**" lymphocyte depletion was usually associated
with marked increase in the number of plasma cells.

The depletion observed in patients who died of hemorrhage is differ-
ent from that observed in shock ** because it affects primarily the deep
cortical regions. Similar depletion was observed in mice following
thoracic duct drainage *° and the calf after extracorporeal irradiation of
blood.* Selective depletion of the deep cortical regions associated with
death from hemorrhage may be due to a more rapid recirculation of T
rather than B-cells,*” and thus represent depletion of a readily mobilig-
able lymphocyte pool.

In conclusion, this study on the histologic appearance of human
axillary lymph nodes at autopsy has: a) presented quantitative data
supporting the general opinion that germinal centers are more fre-
quently found in children and young adults than in the old, b) showed
that hyaline deposits increase with age, c¢) showed that lymphocyte
depletion associated with fibrosis and hyaline deposits was found in
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patients dying of chronic disease, particularly cancer, d) pointed out a
selective depletion of the deep cortical regions in patients dying of
hemorrhage, and e) has contributed to knowledge of the morphology
of axillary lymph nodes in neonates.

References

1. Tsakraklides V, Anastassiades OT, Kersey JH: Prognostic significance of
regional lymph node histology in uterine cervical cancer. Cancer 31:860-868,
1973

2. Tsakraklides V, Olson P, Kersey JH, Good RA: Prognostic significance of
the regional lymph node histology in cancer of the breast. Cancer 1974 (In
press)

3. Butler J]: Non-neoplastic lesions of lymph nodes of man to be differentiated
from lymphomas. Natl Cancer Inst Monogr 32:233-255, 1969

4. Ehrich W: Studies of the lymphatic tissue. III. Experimental studies of the
relation of the lymphatic tissue to the number of lymphocytes in the blood in
subcutaneous injection with staphylococci. ] Exp Med 49:347-359, 1929

5. Ehrich W: Studies of the lymphatic tissue. IV. Experimental studies of the
effect of the intravenous injection of killed staphylococci on the behavior if
lymphatic tissue, thymus, and the vascular connective tissue. ] Exp Med 49:
361-384, 1929

6. Ehrich WE: The role of the lymphocyte in the circulation of the lymph. Ann
NY Acad Sci 46:823-847, 1946

7. Gyllensten L: The postnatal histogenesis of the lymphatic system in guinea
pigs. Acta Anat 10:130-160, 1950

8. Gyllensten L: Influence of experimental infection on the appearance of
secondary nodules in the regional lymph nodes of young guinea pigs. Acta
Anat 22:84-94, 1954

9. Denz FA: Age changes in lymph nodes. J Pathol Bacteriol 59:575-601,
1947

10. Marshall AHE: Aging changes in lymphatic tissue, Structural aspects of
aging. Edited by GH Bourne. London, Pitman Medical Publishing Co, Ltd,
1961, pp 5-7

11. Miller RE: The secondary nodules of lymph nodes: their relation to chronic
inflammatory processes. Arch Pathol 13:367-391, 1932

12. Moore RD, Sorenson GD, Schoenberg MD: Progressive cellular alterations
of lymph nodes. Arch Pathol 67:274-280, 1951

13. Siegel H, Helpern M, Ehrenreich T: The diagnosis of death from intra-
venous narcotism: with emphasis on the pathologic aspects. ] Forensic Sci
11:1-16, 1966

14. Silverstein AM, Lukes R]: Fetal response to antigenic stimulus. I. Plasma-
cellular and lymphoid reactions in the human fetus to intrauterine infection.
Lab Invest 11:918-932, 1962

15. West HS: Observations on the lymphatic nodule, particularly with reference
to histological changes encountered in senescence. Anat Rec 28:349-365,
1924

16. Cottier H, Turk J, Sobin L: A proposal for a standardized slystem of report-
ing human lymph node morphology in relation to immunological function.
Bull WHO 47:375-382, 1972



Vol. 78, No. 1 LYMPH NODE HISTOLOGY 17
January 1975

17.

18.

19.

21.

25.

26.

27.

29.

31.

32.

34.

Editorial: Lymph-node morphology in relation to immunological function.
Lancet 1:304-304, 1973

Cottier H, Sordat B: Lymphatic tissue and germinal centers in relation to
antibody production. Adv Exp Med Biol 12:203-212, 1971

Durkin HG, Thorbecke GJ: Homing of B-lymphocytes to follicles: specific
retention of immunologically committed cells. Adv Exp Med Biol 29:63-70,
1973

Good RA, Cain WA, Perey DY, Dent PB, Mewissen HJ, Rodey GE, Cooper
MD: Studies on the nature of germinal centers. Adv Exp Med Biol 5:33-47,
1967

Gutman GA, Weissman IL: Lymphoid tissue architecture. Experimental
analysis of the origin and distribution of T-cells and B-cells. Immunology
23:465-479, 1972

Howard JC, Hunt SV, Gowans JL: Identification of marrow-derived and
thymus-derived small lymphocytes in the lymphoid tissue and thoracic duct
lymph of normal rats. | Exp Med 135:200-219, 1972

Oort J, Turk JL: A histological and autoradiographic study of lymph nodes
during the development of contact sensitivity in the guinea-pig. Br J Exp
Pathol 46:147-154, 1965

Parrott DMV: The response of draining lymph nodes to immunological
stimulation in intact and thymectomized animals. J Clin Pathol (Suppl) 20:
456465, 1967

Parrott DMV, DeSousa MAB, East J: Thymus-dependent areas in the
lymphoid organs of neonatally thymectomized mice. | Exp Med 123:191-
203, 1966

Scothorne RJ: Studies on the response of the regional lymph node to skin
homografts. Ann NY Acad Sci 64:1028-1039, 1957

Turk JL: Cytology of the induction of hypersensitivity. Br. Med Bull
23:3-8, 1967

Turk JL, Oort J:  Further studies on the relation between germinal centers
and cellmediated injury. Adv Exp Med Biol 5:317-325, 1969

Turk JL, Waters MF: Immunological significance of changes in lymph nodes
across the leprosy spectrum. Clin Exp Immunol 8:363-376, 1971

Black MM, Kerpe S, Speer FD: Lymph node structure in patients with
cancer of the breast. Am ] Pathol 29:505-521, 1953

Dire J], Lane N: The relation of sinus histiocytosis in axillary lymph nodes
to surgical curability of carcinoma of the breast. Am J Clin Pathol 40:508-515,
1963

Engeset A: Local irradiation of lymph nodes in rats: morphological and
functional alterations with relation to cancer therapy. Prog Exp Tumor Res
8:225-270, 1966

Fiscus WG, Morris BT Jr, Session ], Trentin JJ: Specificity, host-age effect,
and pathology of homologous disease induced in unirradiated F, hybrid mice
by transplantation of parental lymphoid tissue. Ann NY Acad Sci 99:355-373,
1962

Kondo Y: Lymph node and antigenic stimulation. Experimental studies.
Acta Pathol Jap 17:252-258, 1967

Morton DG: Pelvic lymphadenectomy in the treatment of cervical cancer.
Am J Obstet Gynecol 49:19-31, 1945



18

36.

37.

38.
39.

40.

41.

42,

43.
44.
45.

46.

47.
48.

49.

50.
51.

52.

53.

54.

55.

TSAKRAKLIDES ET AL American Journal
of Pathology

Okabayashi A: Induction of a disease resembling systemic lupus erythem-
atosus in later stage of prolonged sensitization in rabbits. Acta Pathol Jap
14:345-371, 1964

Rutledge FN, Fletcher GH: Transperitoneal pelvic lymphadenectomy fol-
lowing supervoltage irradiation for squamous-cell carcinoma ‘of the cervix.
Am ] Obstet Gynecol 76:321-334, 1958

Gowans JL, Knight EJ: The route of re-circulation of lymphocytes in the
rat. Proc R Soc Lond (Biol) 159:257-282, 1964

Herman PH, Yamamoto I, Mellins HZ: Blood microcirculation in the lymph
node during the primary immune response. ] Exp Med 136:697-714, 1972
lijima S: The functional structure of the lymph node as observed from
hypoplastic and hypofunctional conditions of the lymphatic tissue. Acta Pathol
Jap 17:287-305, 1967

Marchesi VT, Gowans JL: The migration of lymphocytes through the
endothelium of venules in lymph nodes: an electron microscope study Proc R
Soc B 159:283-290, 1963

Mikata A, Niki R, Watanabe S: Reticuloendothelial system of the lymph
node parenchyma, with special reference to post-capillary venules and granu-
loma formation. Rec Adv RES 8:143-154, 1968

Miller JJ III: Studies of the phylogeny and ontogeny of the specialized
lymphatic tissue venules. Lab Invest 21:484—490, 1969

Soderstrom N: Post-capillary venules as basic structural units in the devel-
opment of lymphoglandular tissue. Scand ] Haematol 4:411-429, 1967
Andrew W, Andrew NV: Age changes in the deep cervical lymph nodes of
100 wistar institute rats. Am J Anat 82:105-165, 1948

Bridges RA, Condie RM, Zak SJ, Good RA: The morphologic basis of anti-
body formation development during the neonatal period. J Lab Clin Med
53:331-357, 1959

Gilmour JR: Normal hoematopoiesis in intrauterine and neonatal life.
J Pathol Bacteriol 52:25-55, 1941

Gulland GL: The development of lymphatic glands. ] Pathol Bacteriol
2:447-481, 1854

Yurina SA:  Cell composition of cortical and medullary matter in human
regional lymph nodes during prenatal and postnatal development. Arch
Anat Histol Embryol 59:63-74, 1970 (Russ)

Black MM, DeChabon A: Reactivity of lymph nodes in azotemic patients.
Am ] Clin Pathol 41:503-508, 1964

Geller SA, Stimmel B: Diagnostic confusion from lymphatic lesions in
heroin addicts. Ann Intern Med 78:703-705, 1973

Nelson JH, Hall JE: Studies on the thymolymphatic system in humans. II
Morphologic changes in lymph nodes in early pregnancy and during the
puerperium. Am ] Obstet Gynecol 93:1133-1136, 1965

LaVia MF: The morphologic basis of humoral immune responses, Pathobi-
ology Annual. Edited by HL Ioachim. New York Appleton-Century Crofts,
1971, pp 241-260

Davis |D, Stansfeld AG: Spontaneous infarction of superficial lymph nodes.
] Clin Pathol 25:689-696, 1972

Edlow DW, Carter D: Heterotopic epithelium in axillary lymph nodes:
report of a case and review of the literature. Am J Clin Pathol 59:666-673,
1973



Vol. 78, No. 1 LYMPH NODE HISTOLOGY 19
January 1975

56. Baruah BD: Cellular reactions following tumor growth with special reference
to plasma-cellular response. Cancer Res 20:1184-1194, 1960

57. Hod I, Perk K, Nobel TA, Klopfer U: Lung carcinoma of sheep (jaagsiekte).
III. Lymph node, blood and immunoglobulin. J Natl Cancer Inst 48:487-
507, 1972

58. Kojima M, Imai Y: Genesis and function of germinal center. Gann Monogr
Cancer Res 15:1-15, 1973

59. Sprent J: Circulating T and B lymphocytes of the mouse. I. Migratory
properties. Cell Immunol 7:10-39, 1973

60. Cottier H, Cronkite EP, Jansen CR, Rai KR, Singer S, Sipe CR: Studies
on lymphocytes. III. Effects of extracorporeal irradiation of the circulating
blood upon the lymphoreticular organs in the calf. Blood 24:241-253, 1964

Acknowledgments

The authors wish to acknowledge the help of Dr. Y. M. Rho, Office of the Chief
Medical Examiner, City of New York, for his help in the collection of material for this
study.

We are indebted to Ms. Helen Christopherson, Ms. Josephine Walazek, Ms. Karen
Wallace and the Staff of the Pathology Laboratory, Pathology Department, University
of Minnesota, for their assistance in the performance of this study.

The present address for Drs. Tsakraklides and Tsakraklides is 15 Logothetidi St,
Athens 605, Greece.



20 TSAKRAKLIDES ET AL American Journal
of Pathology

[Illustrations follow]



Fig 1—Germinal center in outer cortex. Two-month-old infant with sud-

den unexplained death (H&E, x 63).

Fig 2—Developing lymph node cortex rich in blood vessels with prominent endo-
thelial cells and poor in lymphocytic elements (H&E, x 250).



Fig 3—A venule in the deep cortex shows prominent high columnar endothelium
(H&E, x 250).

Fig 4—A lymph node from a 32-year-old male with Hodgkin's disease, stage IV,
showing extreme lymphocyte depletion (H&E, X 63).



